The synthesis of the first series of 4-mono and 3,5-bis(dimethylamino)methyl-functionalized triarylphosphanes of the general formula PPh 3 À n Ar n (Ar = 1-C 6 H 3 (CH 2 NMe 2 ) 2 -3,5 (NC(H)N), n = 1 (ligand 2) or n = 3 (ligand 4); Ar = 1-C 6 H 4 (CH 2 NMe 2 )-4 (NC(H)), n = 3 (ligand 7)) is described. These phosphanes were used for the construction of complexes of the form [AuCl(P)] and [PtCl 2 (P) 2 ]. In these complexes selective coordination of phosphorus to the metal ion is observed. The 31 P NMR data show the formation of cis-Pt complexes, even in the case of triarylphosphane 4, which features a tris{3,5-bis(dimethylamino)methyl} substitution pattern. The structure of the gold complex of mono-3,5-functionalized triarylphosphane 2 in the solid state shows a striking resemblance to the structure of the corresponding complex [AuCl(PPh 3 )]. The solid-state structure of the AuCl complex of tris-4-functionalized ligand 7 differs from that of [AuCl(PPh 3 )] in the sign of the torsion angles. The amine functionalities in this class of gold compounds could be reacted selectively with either acid (HCl, H 3 PO 4 ) to generate ammonium salts or with an alkylating agent (benzyl bromide) to afford benzyl ammonium salts, without the violation of the Au-P bond.
Introduction
Phosphorus-based ligands have found many applications, both in coordination chemistry and in homogeneous catalysis [1] . Among these, triphenylphosphane and its numerous derivatives are key examples that were implemented in many industrial applications. The reported triphenylphosphane modifications include anion or cation substitutions to arrive at water-soluble phosphanes [2] ; the most successful example being tris-sulfonated triphenylphosphane (TPPTS) applied in the Rhô ne-Poulenc biphasic hydroformylation. Substitution of triarylphosphanes with fluorous alkyl chains has made those suitable for application in fluorous biphasic catalysis [3] . Furthermore, many examples apply increased steric bulk on the phenyl fragments thus rendering the ligands suitable candidates for high turnover C-C, C-N, or C-O coupling reactions [4] . The functionalization of arylphosphanes with potentially ligating groups opened up a new field of research, leading the way for secondary (ligand-to-metal) interactions or the formation of mixed metal complexes [5] . Examples of such ligands are the 2,6-bis(dimethylamino)methyl-substituted arylphosphanes ( Fig. 1) , reported by the groups of Cowley (a) [6] and Corriu (b) [7] . They showed that intramolecular N ! P coordination in this type of mixed ligands takes place.
In our research, we set out to design and prepare bifunctional arylphosphanes of the general formula PPh 3 À n Ar n (Ar = 1-C 6 H 3 (CH 2 NMe 2 ) 2 -3,5 (NC(H)N); or Ar = 1-C 6 H 4 -(CH 2 NMe 2 )-4 (NC(H))) ( Fig. 1(c) and (d) ) which on the one hand could function as typical triarylphosphane ligands, i.e., coordinate via the phosphorus center to a metal ion, while at the same time being substituted with (dimethylamino)methyl groups at either the para-or at both metapositions. The latter NC(H)N-motif could serve either for the introduction of a metal atom via a M-C-bond (via bisortho-metalation or transmetalation) or for the use as Lewis basic functionalities (CH 2 NMe 2 ), i.e., as extension of the triarylphosphane scaffold by quaternization or by reversible protonation/deprotonation. This paper discusses the synthesis of the first series of 4-mono and 3,5-bis(dimethylamino)methyl-functionalized triarylphosphanes and shows selective coordination of the phosphorus center in these ligands to gold(I) chloride and platinum(II) dichloride. Moreover, protonation and quaternization with alkyl halides of the CH 2 NMe 2 -functionalities is discussed.
Results

Preparative results
Using a previously described protocol [8] , mono{3,5-bis[(dimethylamino)methyl]phenyl}-diphenylphosphane (2, PPh 2 -(NC(H)N)) and tris{3,5-bis[(dimethylamino)-methyl]phenyl}phosphane (4, P(NC(H)N) 3 ) were prepared. The procedure started from 1-bromo-3,5-bis[(dimethylamino)methyl]benzene (1, Br-(NC(H)N)) [9] , which was converted into the respective phosphanes 2 and 4 via lithium-bromide exchange followed by reaction with chlorodiphenylphosphane or phosphorus tribromide (Scheme 1). In the case of 2, the crude product was obtained as a yellow oil, which could be purified by bulb-to-bulb distillation, affording the pure phosphane as a dark yellow oil in a yield of 71%. In the case of hexa-functionalized ligand 4, the product was partially oxidized to phosphane oxide 3 during work-up of the reaction. Therefore, the crude product was completely oxidized with H 2 O 2 in THF, and after isolation reduced to free phosphane 4 by treatment with HSiCl 3 and NEt 3 in refluxing benzene. This procedure afforded pure 4 as a light yellow sticky solid. Both ligands feature a triarylphosphane core having a 3,5-bis(dimethylamino)methyl substitution pattern on one or all three of the aryl rings. This moiety is potentially useful as a terdentate NCNpincer ligand, which is able to bind as a mono-anion to a metal site [10] .
The corresponding tris{4-[(dimethylamino)methyl]-phenyl}phosphane (7, P(NC(H)) 3 ) was prepared in a similar fashion (Scheme 2). Lithiation of 4-bromobenzylamine Fig. 1 . Examples of (dimethylamino)methyl-substituted arylphosphanes reported by Cowley [6] (a), Corriu [7] (b), and in this report (c, d) .
Scheme 1. Synthesis of 3,5-bis(dimethylamino)methyl-substituted triarylphosphanes, PPh 2 -(NC(H)N) (2) and P(NC(H)N) 3 (4).
followed by a quench with phosphorus tribromide and subsequent oxidation afforded phosphane oxide 6. The free phosphane 7 was obtained after reduction.
In order to study the coordination behavior of the phosphanes PPh 2 -(NC(H)N) (2), P(NC(H)N) 3 (4) , and P(NC(H)) 3 (7), they were reacted with Au(I) and Pt(II) metal complexes. To this end, ligand 2 was mixed with one equivalent of [AuCl(THT)] in CH 2 Cl 2 . After overnight stirring and removal of all volatiles a white solid material was isolated. A shift of the 31 P NMR signal from À3.8 ppm for 2 to 31.9 ppm for 8 was observed. Furthermore, in the 1 H NMR spectra the resonance of the NMe 2 protons was unaffected. This indicated that the amine substituents were not involved in coordination, leading to the conclusion that [AuCl(PPh 2 -(NC(H)N))] (8, Scheme 3) was formed selectively.
In a parallel experiment, two equivalents of 2 were reacted with [PtCl 2 (COD)] in CH 2 Cl 2 to afford the product as a light yellow oil (Scheme 3). The 31 P NMR spectrum of 9 in CDCl 3 showed a sharp resonance at 15 [11] . The possible other isomer, having a trans-geometry, was not observed. In the 1 H NMR spectrum of 9, no significant shift is observed for the NMe 2 -protons indicating again that no interaction between nitrogen and platinum takes place. Therefore, we conclude that cis-Pt complex 9 is formed selectively. P(NC(H)N) 3 (4) was subjected to the same coordination experiments (Scheme 3), using toluene as solvent for the preparation of Au(I) complex 10. Scheme 2. Synthesis of 4-(dimethylamino)methyl-substituted triarylphosphane P(NC(H)) 3 (7).
Scheme 3. Preparation of Au(I) complexes 8, 10, and 12 and cis-Pt(II) complexes 9, 11, and 13.
solution of this complex. The unit cell of 8 contains two independent molecules that differ slightly in torsion angles of the aryl fragments with respect to the P-Au bond (one of the two independent molecules is shown in Fig. 2 ). The PPh 2 -(NC(H)N) ligand is coordinated to the Au-center trans to the chloride ion and the three aryl fragments have a propeller-like arrangement. Secondary interactions or intermolecular close-contacts are not observed, which indicates that the CH 2 NMe 2 substituents are free. Comparison of the obtained molecular structure of 8 with the previously reported structure of [AuCl(PPh 3 )] [12] shows a striking similarity (Table 1) . A quaternion fit of both triphenylphosphane-gold chloride fragments of these complexes underlines this equivalence (Fig. 2) [12] . Only slight differences in the interatomic distances, bond angles, and torsion angles are observed, which indicates that the presence of the single 3,5-bis[(dimethylamino)methyl] substitution pattern in 8 leaves the primary structure of the [AuCl-(PPh 2 Ar)] scaffold unaffected.
The structure of 12 in the solid state shows a propellershaped complex having a diagonally coordinated gold center and an exact, crystallographic threefold rotation axis about the P-Au-Cl-axis (P-Au-Cl: 180°by symmetry) (Fig. 3) . Again, no interactions between the dimethylamino 
a Only one of the two independent molecules is considered.
groups and the gold atom are observed. Compared to the structure of [AuCl(PPh 3 )] the bond lengths and C-P-C angles are very similar. A quaternion fit of 12 and [AuCl(PPh 3 )] reveals a difference in sign of the Au-P-C1-C2 torsion angles (Fig. 3) , whereas the magnitude of those angles is similar.
Alkylation and protonation of 8, 10, and 12
To investigate if the NC(H)N manifold in 8 and 10 is available for reaction, we chose the alkylation reaction of the amine groupings with an alkyl halide. A small excess (calculated with respect to the CH 2 NMe 2 equivalents in these complexes) of benzyl bromide was added to both complexes (Scheme 4).
1 H and 31 P NMR spectroscopic analysis of these reactions showed that, in both cases, the phosphorus-gold(I) bond remains unaffected ( 31 P NMR, CD 3 alkylated complexes changes dramatically from soluble in chlorinated organic solvents to soluble only in polar solvents like MeOH and EtOH.
[AuCl(P(NC(H)) 3 )] (12) was also reacted with a small excess of benzyl bromide (Scheme 5), affording the trisammonium salt 16 selectively, as was confirmed by 1 H and 31 P NMR data. The 31 P NMR shift for 16 (CD 3 OD, d = 39.3 ppm) is very similar to that of 15 (CD 3 OD, d = 39.4 ppm), despite the differences in substitution pattern (4-mono compared to 3,5-bis) and in number of ammonium groups (3 compared to 6). Reaction of a small excess of HCl in Et 2 O with 12 dissolved in CH 2 Cl 2 resulted in the formation of a white precipitate (17, Scheme 5). The product was highly hygroscopic and soluble in H 2 O. In the 1 H NMR spectrum, the signal corresponding to the NMe 2 fragment shifts from 1.95 (in C 6 D 6 ) to 2.7 ppm (in D 2 O) upon protonation, while the 31 P NMR spectrum confirmed the phosphane-gold complexation (D 2 O, d = 33.0 ppm). Upon dropwise addition of a solution of H 3 PO 4 in acetone to 12, dissolved in CH 2 Cl 2 , a white precipitate slowly formed. The 31 P NMR spectrum of the product in D 2 O, in which it is slightly soluble, showed two clear, but relatively broad signals, representing the P-Au (d = 29.7) and PO 3À 4 (d = À0.1 ppm) phosphorus atoms. Based on the low solubility of 18 in water as well as the broad signals in 31 P NMR, we assume that a polymeric network was formed rather than a tricationic triarylphosphane structure with discrete, separate entities (Scheme 5).
Discussion
This report presents the synthesis and coordination chemistry of 4-mono and 3,5-bis[(dimethylamino)methyl]-phenylphosphanes. The NMR spectra of these aminophosphane ligands show no signs of N ! P interactions (cf. Fig. 1(a) and (b) ). This can be explained by the substitution pattern, which imposes inter-rather than energetically more favorable intramolecular coordination [6, 7] .
Coordination of the ligands 2, 4, and 7 to Au(I) and Pt(II) shows that they behave as pure phosphane donor ligands towards these ions, and that the amino substituents are not involved in the coordination. This is supported by the solid state structures of the gold complexes 8 and 12. Multiple 3,5-bis-substitution of so-called BIPHEP (2,2-bis(diarylphosphanyl)biphenyl) ligands leading to a Ômeta-effectÕ in catalysis was reported by Pregosin et al. [13] . In that case the meta-substitution pattern resulted in the formation of a more rigid and slightly larger chiral pocket in the corresponding Ru-complex. In our case, the exclusive formation of cis-complexes in the case of the PtCl 2 bisphosphane complexes 9 and 11 seems unaffected by the presence of 3,5-bis-substitution. The solid state structure of complex 8, which is almost identical to that of the corresponding PPh 3 complex, supports this observation. Interestingly, this exclusive formation of a cis-platinum dichloride complex in the case of 6 is in contrast with the findings for its previously reported hexa-ammonium salts (Dendriphos) [8] , for which increased bulk and, presumably, larger cone angles lead to the exclusive formation of the trans-platinum dichloride complexes [14] . The similarity of 8 and [AuCl(PPh 3 )] in the solid state is in line with the observations of Dunitz, who discussed the structure of triphenylmethane and triphenylphosphane stereoisomers in the solid state [15] . Generally, such molecules will adopt slightly distorted C 3 -symmetric conformations. The observed C 3 -symmetric solid state feature of the 4-mono-functionalized complex 12 follows those predictions. It differs from the structure of [AuCl(PPh 3 )] mainly in the sign of the Au-P-C1-C2 torsion angles, i.e., the other stereoisomer was found. In solution, the formation of a cisplatinum bisphosphane complex in the case of 13, and the similarity of the 31 P NMR spectra of 9, 11, and 13 suggest that there are no significant differences in steric behavior.
The experiments with Au(I) complexes 8, 10, and 12 show that the phosphorus center is effectively protected by the Au-P coordination, allowing selective functionalization of the amino substituents with either an alkyl halide or an acid. The benzyl bromide salts 14, 15, and 16 represent coordination complexes that have a relatively high polar character (soluble in MeOH), while the HCl salt 17 is water soluble. The protonation of 12 to afford 17 demonstrates the use of the amino-ÔhandleÕ in 12 for facile transfer of a gold-phosphane coordination complex to an aqueous environment. This hints at the application of these ligands in aqueous phase or phase transfer catalysis. Reaction of 12 with exactly one-third equivalent of the tri-acid H 3 PO 4 , in principle, could have lead to selective formation of trisammonium salt entities of the formula [AuCl-(P(NC(H)) 3 )H 3 ]PO 4 . In this case, however, the formation of a very poorly soluble product points to the formation of a polymeric network. This procedure provides a means for facile recovery of such gold(I) phosphane complexes from almost any solvent, by addition of a dilute solution of H 3 PO 4 .
Conclusions
The presented 3,5-bis and 4-mono(dimethylamino)-methyl-functionalized triarylphosphanes, coordinate to Au(I) and Pt(II) via selective phosphorus-metal coordination. The similarity of Au(I) complexes of these CH 2 NMe 2 -substituted triarylphosphanes to the parent triphenylphosphane complex is apparent from the bond lengths and C-P-C angles in the obtained crystal structures. The PtCl 2 complexes 11 and 13 show that in solution the 4-and the 3,5-bisfunctionalized ligands have similar structural features. Complexation to gold provides excellent protection for the phosphane center, allowing subsequent reactions of the amine functionalities with an alkyl halide or with acid. Further investigations on these compounds focus on the application of these ligands in aqueous media and on their phase transfer behavior.
Experimental
General
All air and moisture sensitive experiments were conducted under a dry nitrogen atmosphere using standard Schlenk techniques. Solvents for these manipulations were dried over appropriate materials and distilled prior to use. 
-(NC(H)N), 2)
To a solution of 1-bromo-3,5-bis[(dimethylamino)-methyl]benzene (1) (3.30 g, 11.90 mmol) in dry Et 2 O (75 mL) was added dropwise t-BuLi (16.30 mL, 1.5 M in pentane, 24.50 mmol) at À78°C, resulting in a beige suspension. After stirring for 30 min at À78°C Ph 2 PCl (2.40 mL, 13.20 mmol) was added and the mixture was allowed to warm to room temperature overnight. Degassed NaOH (15 mL, 4 M) was slowly added at 0°C until pH > 10, followed by removal of all volatiles. The resulting aqueous layer was extracted with CH 2 Cl 2 (3 · 40 mL) and to the combined organic fractions HBF 4 (2.74 mL, 54 wt% Et 2 O, 23.80 mmol) was added, followed by addition of H 2 O (15 mL) until a clear biphasic system was obtained. The aqueous layer was washed with CH 2 Cl 2 (3 · 30 mL) and degassed NaOH (15 mL, 4 M) was slowly added at 0°C until pH > 10. The product was extracted with CH 2 Cl 2 (4 · 30 mL) and the combined organic fractions were dried over MgSO 4 . All volatiles were evaporated in vacuo followed by Kugelrohr distillation (100°C, 0.1-0.2 mm Hg) affording a dark yellow oil. Yield: 3.18 g (71% 
General procedure for the reduction of (dimethylamino)methyl-substituted triarylphosphane oxides
HSiCl 3 (10 equiv.) and NEt 3 (10 equiv.) were added to a solution of the phosphane oxide in dry C 6 H 6 and the mixture was heated to reflux temperature for 2 h. After cooling to room temperature, the mixture was neutralized by dropwise addition of a saturated aqueous solution of NaHCO 3 and the organic layer was removed in vacuo. The aqueous layer was extracted twice with CH 2 Cl 2 and the combined organic fractions were dried on Mg 2 SO 4 , filtered, and evaporated to dryness, affording the pure phosphane as a light yellow sticky solid.
Synthesis of tri{3,5-bis[(dimethylamino)methyl]-phenyl}phosphane (P(NC(H)N) 3 , 4)
Starting from 3 (1.37 g, 2.21 mmol) in dry C 6 H 6 (40 mL) by addition of HSiCl 3 (2.2 mL, 21.7 mmol) and NEt 3 (3.1 mL, 22.1 mmol). Yield: 0.85 g (64%). + (100%). Anal. Calc. for C 36 H 57 N 6 P: C, 71.49; H, 9.50; N, 13.89; P, 5.12. Found: C, 71.37; H, 9.43; N, 13.72; P, 5.08%.
Synthesis of tri{4-[(dimethylamino)methyl]-phenyl}phosphane oxide (P(O)(NC(H)) 3 , 6)
t-BuLi (30.21 mL, 1.5 M in pentane, 45.31 mmol) was added dropwise to a solution of 1-bromo-4-(dimethylamino)methylbenzene (7; 4.85 g, 22.65 mmol) in dry Et 2 O (40 mL) at À78°C and the resulting light brown suspension was stirred for 45 min. PBr 3 (0.71 mL, 7.55 mmol) was added dropwise and the mixture was allowed to warm up to room temperature over 16 h. H 2 O (40 mL) was added carefully and the organic layer was separated. The aqueous layer was extracted with CH 2 Cl 2 (3 · 30 mL) and the combined organic fractions were dried over Mg 2 SO 4 , filtered and evaporated to dryness. Kugelrohr distillation at 100°C (0.1-0.2 mm Hg) was applied for 2 h, after which the product was dissolved in THF (50 mL) and H 2 O 2 (0.20 mL, 35% in H 2 O) was added. The mixture was stirred for 2 h, NaOH (50 mL, 1M) was added and all volatiles were removed in vacuo. The resulting aqueous mixture was extracted with CH 2 Cl 2 (2 · 50 mL) and the combined organic layers were dried on Mg 2 SO 4 , filtered and evaporated to dryness. The product was obtained as a white microcrystalline solid by precipitation from Et 2 O. Yield: 2.41 g (71%). 1 
Synthesis of [AuCl(PPh 2 -(NC(H)N))] (8)
A solution of PPh 2 -(NC(H)N) (2; 114.0 mg, 0.30 mmol) in CH 2 Cl 2 (20 mL) was slowly added to a solution of [AuCl(THT)] (87.0 mg, 0.30 mmol) in CH 2 Cl 2 (10 mL) and the mixture was stirred for 16 h at room temperature protected from sunlight. All volatiles were evaporated in vacuo affording a light yellow oil. Yield: 0.17 g (93%). Colorless crystals, suitable for X-ray diffraction, were obtained by addition of pentane (20 mL) to a solution of 6 in CH 2 Cl 2 (10 mL) after overnight standing at room temperature. (14) To a solution of 8 (20.0 mg, 33.0 lmol) in CH 2 Cl 2 (30 mL) was added dropwise benzyl bromide (0.80 mL, 0.084 M in CH 2 Cl 2 , 67.00 lmol). The colorless clear reaction mixture was stirred overnight after which all volatiles were removed and a white sticky residue was obtained. The pure product was obtained by precipitation from a MeOH/ Et 2 O mixture (1/5, v/v). Yield: 29.5 mg (94%). 1 
Note added in proof
Recently, single crystals were obtained for complex 13, which turned out to be the trans isomer. Full details of the structure of trans-13 and on its structural analysis will be submitted shortly to Acta Crystallographica.
